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import math

import numpy as np

def steady(kappa, gamma, D):
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np.array([[-gamma, kappa], [kappa, -(gamma + D)]])

# FIX-93: dissipativity guard - a damped system must have a stable

#

#

steady state. Without this check np.linalg.solve returns the

fixed point of a SADDLE (unreachable) configuration silently.

if not bool(np.all(np.linalg.eigvals(Mmat).real < 0.0)):

raise ValueError(

'non-dissipative: kappa”2=%.4f >= gamma*(gamma+D)=%.4f"

% (kappa * kappa, gamma * (gamma + D)))

sol = np.linalg.solve(Mmat, np.array([

return float(np.hypot(sol[@], sol[1]))

def elasticity(base, key):

-Fext, 0.0]))

# +/-50% 2B EZ E = d 1In|X | / d 1n(param)

hi = dict(base); hi[key] = base[key] * 1.5
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lo = dict(base); lo[key] = base[key] * 0.5

yhi

ylo

steady(**hi)

= steady(**1o0)

return abs((math.log(yhi) - math.log(ylo)) / (math.log(1.5) - math.log(©.5)))

def sqrt

# JHA A = O| sgrt(t)

amat

coef

pred

sst

return 1.0 - ssr / sst if sst > @ else 1.0

_fit(t, d):

amat @ coef

np.vstack([np.sqrt(t)]).T

float(np.sum((d - pred) ** 2))

float(np.sum((d - d.mean()) ** 2))

np.linalg.lstsq(amat, d, rcond=None)[0]

&S 25 HolH xaxts M

DOMAIN = 'QtREE TE:

base = dict(kappa=0.754, gamma=1.2313, D=0.6157)

kap_e = elasticity(base, 'kappa')

gam_e = elasticity(base, 'gamma')

return_note = 'TX| dYE2 E20tY EEIE (Lpy) 2 MSEH,
HEC— 4UAS MW OxE

fit.r2_base

fit.r2_coup
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fit.rmse_base 0.025

fit.rmse_coup 0.016

convergence_order 2.02

sens.kappa 1.09

sens.gamma 3.33

sens.D 0.16

HE D M3 HE o5 YA
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fit.r2_base = 0.988

fit.r2_coup = 0.996

fit.rmse_base = 0.025
fit.rmse_coup = 0.016

convergence_order =

2.02

sens.kappa = 1.09

sens.Li & A2k

baseline RMSE

coupled RMSE
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0.025
0.0160
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compute_fit_metrics

compute_fit_metrics

compute_convergence_
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Richardson

compute_sensitivity —
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compute_sensitivity
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(c) dXxt+d: &= Xt vs 0| E X}

S8 MEsHMMS) BB (sin x 2| 2A =&+ SMXHE, A% hel0.2, 0.1, 0.05)2] &= F=FXt£ [1.999,

2.0] (B 1.999)2 O|2X}s= 22+ YX|tCt §3.3 / 28 F4 o AKX+ AT (Crank-Nicolson,

1/20-1/40-1/80 Richardson)= &5& I 07| M= Zr=SHCt CHEF O A7 = A2 AZah 2t Hl

Xot3(u, = u,,, ux0) = sin(mx), Bl er(- 77t)sin(mx)0l 0 2 AKXt Mg M0 &2 =29 Z0j¢l
7 =

HAO|X| 2LAE HESt= A0] OfLLt.

24 0|2 Xt S K

SAKE (MMS, 2 28) 2 1.999 (THAI [1.999, 2.0])
Z% PDE (Crank—Nicolson) — 2 (A1Zh §33/F4 0| 22
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x
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240/ E O] & 2 2%} X}

theta(co | 13x4 52 68 0.77x 0.00e+0 | 2 7.48e-02 | 1.805 23.3

ef.field) 0

Gamma( | 13x13x3 | 507 341 1.49x 0.00e+0 | 2 1.14e-01 | 3.490 111

couplin 0

9)

Phi(joint | 13x4x3 156 71 2.20x 0.00e+0 | 2 2.38e-01 | 1.805 23.3

) 0
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TT =8l axt 22 HAMOIAM 2= A == OfH| T2t0[H & =3tH, 4T Frobeniu
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<
Hoh RE¥I= 220 S0|gtel HEZTDZ Hol[Of 5 ZE0| BHE+F SIS

&l A A4t ="+ £ X4/ 2 | d =US d fad3 | dY¢=x
theta(coef. | decouple 0.800 IMPROVED | XHEH -95.7% -44.6% +300.0%
field)

theta(coef. | amplify 0.400 NEUTRAL i =4 -27.6% +11.7% +0.0%
field)

theta(coef. | contract 0.200 DEGRADED | EtH +267.5% -29.5% +0.0%
field)

theta(coef. | partial_tt 0.800 IMPROVED | XHEH -42.9% -28.6% +100.0%
field)

theta(coef. | full_tt 0.400 NEUTRAL Kf 4 +0.0% -0.0% +0.0%
field)

Gamma(co | decouple 0.800 IMPROVED | XHEH -99.1% -71.3% +1075.9%
upling)

Gamma(co | amplify 0.400 NEUTRAL XH ER -38.2% +25.9% -33.5%
upling)

Gamma(co | contract 0.200 DEGRADED | E44 +298.9% -52.6% +0.0%
upling)

Gamma(co | partial_tt 0.800 IMPROVED | XHEH -81.9% -65.3% +520.0%
upling)

Gamma(co | full_tt 0.800 IMPROVED | XHEH -46.7% -3.1% +8.3%
upling)

Phi(joint) decouple 0.600 IMPROVED | XHE4 -95.7% -44.6% +255.0%
Phi(joint) amplify 0.200 DEGRADED | 24 +385.7% +14.8% -36.0%
Phi(joint) contract 0.200 DEGRADED | &4 +267.4% -29.4% +0.0%
Phi(joint) partial_tt 0.800 IMPROVED | Af{&H -43.0% -28.6% +91.9%
Phi(joint) | full_tt 0.600 IMPROVED | XHEt -0.0% -0.0% +0.0%

A AL F 224+ 'decouple'(=H 4 0.800, T IMPROVED)O|H, 7§ 0| =olz|of Xt HIAME &Y

HSHRALY.



PINN A6l (trivial solution) %X| 7=

Lagrangian-dual(KKT) XM 2f1} &f =3
2|2 A ZLPINN)E, X 8

- OO

(trivial solution) &X| Zt=(EH =4t LA + TAIZHE HEst

© =

of 1= Pl-Loss tH= B! dual Sl= MM E(GENERIC) HE N} 5 A=H0 A
A Z H|WSHACHKIOfH B 1) [1].

HY xHE &4 ol TAIE S EHE 24
pi_loss_only 0.44662 0 0.004447
generic_only 0.45593 1 0.0002487
hybrid 0.45593 1 0.0002487

QFHE Fa B0 PINN & o4k HAT 40 o F, Z|CH ZHA|Z 12], & £H| 40~80 O F, &&
HE 256, 24 T& 1-32-32-1, &8 0.01, A|E 20260708. HIE Of| At A HSHO| ZEOL} RYA|Z} 7tE
7b AT HHO| O BO| AHIFUCH — &4 HlW & O HITHE S Zotsh 40{of Bhot. O|2f%t 7= TS
AOM & TEH2 == G0ict A2z oS o=F o=z XA A UCH — WEtM O] H{R= SA|
el otk oto| AFE HAOIX| =1 F==of ZAH7t OfL|Ct

gl

hybrid #He CHH| &5 &4 H|&:
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